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摘  要 
脑白质疏松症（Leukoaraiosis, LA），也被称作为脑白质损伤（white matter 














通量生物芯片技术从9例典型临床血液样本（包括3个Type I LA，3个Type II LA，
3 个 Normal 对照样本）中筛查了其中的表观遗传生物标记物（DNA 甲基化和
microRNA），并初步探索了这些表观遗传因子-DNA 甲基化和 miRNA 对基因表
达的调控作用。 
本论文的主要研究结果，如下： 
（1）报道了 LA 在中国闽南地区住院患者中的高发性（其发生率高达 58.3%），
揭示了总体 LA发生风险除与年龄和高血压有关之外，也与性别、糖尿病、吸烟
和高同型半胱氨酸水平等临床因子显著相关，其中吸烟和高同型半胱氨酸水平是 
LA 发生的风险因子；此外，酗酒和异常 LDL-C 水平分别被揭示为 LA 发展的
风险因子和保护因子。 
（2） 发现了 LA 的遗传特性可能具有较大的种族差异性， 欧洲白种人群中 LA 
易感基因（TRIM65、TRIM47、FBF1、PMF1、MTHFR）均与中国汉族人群 LA
发生风险无关。 

















ZC3H12D 基因启动子高甲基化可能是 LA 早期发生的重要生物标记物，它能抑
制自身蛋白表达，因此它可能以此方式参与 LA发生的分子机理。 
（4） 揭示了 microRNA存在于 LA的发生和发展过程之中，发现了 3个显著低
表达 microRNA（hsa-miR-26b-5p、hsa-miR-1972、hsa-miR-3141）可能用作为 LA
发生早期的一组生物标记物，其中 hsa-miR-26b-5p和 hsa-miR-1972 分别可能通
过直接调控 RBM47和 BAIAP3基因的表达而参与 LA 发生的分子机理。 




遗传种族差异性；包括 DNA 甲基化和 miRNA 在内的表观调控作用存在于 LA
发生和发展之中，它们既可能充当 LA的生物标记物，又有可能通过调控基因表






























Leukoaraiosis (LA), also called as white matter lesions(WMLs) and white matter 
hyperintensities (WMHs), is a frequent neuroimaging finding commonly seen on 
magnetic resonance imaging brain scans of elderly people. Although it remains 
asymptomatic, LA is not considered to be benign, and it is showed to be related to a 
host of poor clinical outcomes and increases the risk of cognitive function decline, 
gait disturbance and falls, depression, stroke, dementia, and the overall morbidity and 
mortality. With the increasing of aging speed, LA is increasingly becoming an 
important public health burden. Scientists have found that LA is highly heritable and 
large accounts of susceptibility genes are implicated in LA. However, the 
pathogenesis of LA remains unclear to date.  LA is also poorly known in China 
which is a big country with large numbers of elderly people and severe aging problem. 
Therefore, it is necessary to perform a comprehensive study on LA in China 
In order to understand the current situation of LA in China, and to decipher the 
pathogenic genes and its associated pathogenesis, we not only performed a 
retrospective, cross-sectional, observational study in which subjects were hospitalized 
in a primary care hospital (The First Affiliated Hospital of Xiamen University) in 
Southern Fujian, China, but also explored the ethnic differences in the genetics of LA 
through pyrosequencing and restriction fragment length polymorphism (RFLP)  
technologies. Given that LA was always considered as a complex illness which was 
driven by both genetic and environmental factors, we for the first time performed a 
highthrough microarray analysis of LA in 9 typic clinical blood samples (including 3 
subjects with Type I LA, 3 subjects with Type II LA and 3 subject without LA) to 
identify the epigenetic biomarkers (DNA methylation and microRNA), and explored 
the regulation of DNA methylation and miRNA on gene expression at the same time.  
The main results and conclusions of this study are as follows, 
(1) This study revealed that the incidence of LA was high in the (hospitalized) 
Chinese-Han population (with the incidence of 58.3%); Moreover, except age and 
hypertension, other clinical factors, including sex, diabetes mellitus, smoking, and 
















those risk factors, both smoking and high HCY levels were identified as the risk 
factors for LA occurrence process. In addition, drinking and abnormal LDL-C levels 
were surprisingly recognized as the risk factor and protective regulator for LA 
progression, respectively. 
(2) We found that the ethnic differences may exist in the genetics of LA. Those genes 
(TRIM65, TRIM47, FBF1, PMF1 and MTHFR) identified in Caucasian were not the 
susceptibility genes for LA in Chinese-Han population. 
(3) We revealed a large account of DNA hyper-/hypo-methylation in LA. In addition, 
there exist not only consistent and abnormal DNA methylation models, but also the 
different epigenetic factors between the occurrence and progression. Among those 
epigenetic factors, DNA hypermethylation in the promoter of ZC3H12D may be an 
important biomarker for LA early onset, and it may involved in the pathogenesis of 
LA through the inhibition of ZC3H12D protein expression. 
(4) We revealed that miRNA were also involved in the occurrence and progression of 
LA. Among those miRNA, 3 down-regulated miRNA (hsa-miR-26b-5p 、
hsa-miR-1972、hsa-miR-3141) may act as the biomarkers for LA early onset. 
Moreover, hsa-miR-26b-5p and hsa-miR-1972 may participate in the molecular 
mechanism of LA occurrence through the direct regulation on RBM47 and BAIAP3 
gene expression, respectively. 
(5) We hypothesized that LA may be a neuro-inflammatory demyelinating disorder in 
central nervous system (CNS) according to the gene enrichment analysis on 
hyper-/hypo-methylated genes and miRNA target genes. 
In conclusion, LA not only shows high incidence, but also may possess ethnic 
differences in the genetics in the (hospitalized) Chinese-Han population. Epigenetics 
including DNA methylation and microRNA are involved in the occurrence and 
progression of LA. They may not only act as the biomarkers for LA, but also 
contribute to the pathogenesis of LA through their regulation on gene expression. LA 
was hypothesed as an inflammation/immune-induced demyelinating disorder in 
central nervous system. 
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第 1章 前言 
1.1 脑白质疏松症 
脑白质疏松症（Leukoaraiosis, LA）是在 1987年被 Hachinski等人提出的
一个脑影像学描述性术语，表示 CT/MRI 检测到的脑白质病变，即在影像学
上被定义为在大脑 CT 和 MRI-T2/FLAIR 扫描中分别呈现出白质低密度和白
质高信号 （图 1-1）, 因而也被称作为脑部白质损伤（White matter lesions, 
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图 1-1： 脑白质疏松症（LA）CT和MRI影像图[13]。 
Figure 1-1. The CT and MRI of Leukoaraiosis (LA). 
 
注：A栏是健康正常人的 CT和 T2-weighted MRI；B-D栏是不同程度的 LA







和体积定量测量两种方法从影像学上对 LA 进行分类[15, 16]。视觉等级量表法
将 LA分为：脑室周围白质损伤（periventricular white lesions, PVWMLs）和
深部/亚皮层白质损伤（deep/subcortical white matter lesions, DSWMLs）（图 1-2）
[4, 11]。PVMLs 是发生在双侧脑室边缘邻近的白质损伤，主要包括：① Caps 
around the frontal horns, ② Pencil-thin lining, ③ A smooth halo along the side 
of the lateral ventricles。DSWMLs是皮层/皮质下白质损伤，主要包括三种形
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